Renaturation kinetics of labeled Agrobacterium tumefaciens DNA are not influenced by addition of 104-fold excess of crown gall tumor DNA. Reconstruction experiments demonstrated that 0.01% added bacterial DNA produces a detectable increase in rate of renaturation of labeled DNA. Crown gall tumor DNA therefore cannot contain as much as 0.01% A. tumefaciens DNA, (one entire bacterial genome per three diploid tumor cells).
Crown gall tumors, neoplastic overgrowths induced by inoculation of wounded plants with Agrobacterium tumefaciens, can be propagated in tissue culture in the absence of the inciting bacteria. Tumor cells in culture maintain their transformed phenotype indefinitely, growing on mineral salts-sucrose media without auxin and cytokinin; normal callus requires these hormones for growth in vitro. Although tumor cells are in this sense permanently transformed, some evidence indicates that they can be induced to revert to normal phenotype. Braun (1) achieved reversion by grafting cloned teratoma to the apex of a series of healthy plants. A leaf morphology difference assures that the normal shoots derived from tumor rather than host tissue (2) . SacristAn and Melchers (3), working with undifferentiated crown gall tumor tissue which was not cloned, have demonstrated that on suitable medium this material is induced to produce shoots, roots, leaves, and flowers. However the possibility that normal (i.e., untransformed) cells were present in the crown gall culture was not ruled out. Attempts to achieve reversion of cloned tumor tissue transformed by A. tumefaiens are still in progress (ref. 4 , and G. Melchers, private communication) .
In contrast, evidence has been presented for the occurrence of foreign DNA (5) (6) (7) (8) , RNA (9) , antigens (10) (11) (12) , and even viable PS8 bacteriophage particles (13) (14) (15) (16) in crown gall tumor tissue growing in vitro in the absence of colony-forming bacteria. Other investigators have failed to confirm the presence of viable phage in tumors (8) . DNA from A. tumefaciens is reported to be present in tumor nuclei (17) , and Abbreviation: PB, phosphate buffer. estimated levels range from 0.2% (6, 7) to 0.9% (8) . DNA from A. tumefaciens bacteriophage PS8 has been reported present in tumor DNA at a level of 1.8% (8) , despite the fact that neither viable PS8 phage nor PS8 DNA could be detected in the bacterial strain which incited the tumor examined. Unfortunately, most of these nucleic acid hybridization studies (5) (6) (7) 9) failed to include thermal dissociation profiles of the duplexes, an essential control to support the conclusion that authentic phage or bacterial nucleic acids were detected. Thermal dissociation profiles of bacterial or phage cRNA hybridized to filter-bound tumor DNA (8) have been reported (18) , but Tm (midpoint of thermal dissociation profile) values were 80 below those of homologous hybrids, and only 20 above those for "hybrids" formed with normal callus DNA. Thus the nucleic acid hybridization evidence for foreign DNA in crown gall tumors is not unequivocal. Nevertheless, the general agreement of conclusions arrived at by such a variety of techniques strengthened the case for foreign DNA integration and expression in crown gall tumors (19) , suggesting a parallel between crown gall tumorigenesis and oncogenic viral DNA integration in animal cells (20) (21) (22) (23) (24) .
None of the bacterial (5) (6) (7) (8) Cultivation of Bacteria and Phage. Bacteria were grown as described (26) . PS8 bacteriophage plaque assays were performed on yeast extract-peptone plates (YEP) (10 g of yeast extract, 10 g of Bacto-peptone, 5 g of NaCl, 15 g of agar per liter) using YEP agar overlays (0.7% agar) containing two drops of mid-log phase broth (YEP) culture of the indicator strain, B6-806. Plaques were scored after 18 hr of incubation at 280.
Induction and Propagation of Crown Gall Tumors. The induction, cultivation and characterization of the tobacco tumor lines and normal tobacco callus have been described previously (26) . All tumor tissues used for DNA isolation were free from contaminating A. tumefaciens and other detectable bacteria and molds. All tumor lines used produced high levels of octopine (26) and produced overgrowths upon grafting to healthy plants, while normal callus tissue did not. DNA Isolation. Tobacco leaf nuclei were isolated by a combination of the methods of Hamilton et al. (27) and Hendricks (28) , omitting the Ludox gradient step. DNA was isolated from the nuclear pellet essentially by the method of Schilperoort (17) .
Salmon DNA was isolated from fresh sperm by the method of Whiteley et al. (29) .
DNA was isolated from frozen total tumor and normal callus tissue by the method of Schilperoort (17), with the additional step of cetyltrimethylammonium bromide (CTAB) precipitation to remove large amounts of contaminating polysaccharide (30) . As a control to demonstrate that CTAB precipitation did not cause selective loss of high G+C foreign DNA, authentic PS8 DNA was mixed with crude tumor DNA and the mixture was purified by CTAB precipitation. Renaturation kinetic analysis (see below) showed that PS8 DNA was recovered as efficiently as was tumor DNA (data not shown). All glassware and implements used for tumor and normal callus DNA isolation were freed of possible DNA contamination by acid washing (5% perchloric acid, 700, 2 hr, or dichromate cleaning solution, 220, several hours) or firing in a self-cleaning oven (Kenmore). By the method of Holgate and Goodwin (31), tumor callus was found to contain 14 ,ug of DNA per g of tissue (wet weight). With the isolation procedure described above, the yield ranged from 2 to 10 ug/g of tissue (14-71%). In a control experiment, we found that the intact [3Hjthymidine-labeled phage prior to beginning the isolation of DNA was similar to the recovery of tumor DNA.
Bacterial DNA was isolated by a modification of the method of Schilperoort (17) . For (32) . The renaturation reaction was initiated by placing the sealed capillaries in a boiling water bath for 5 min and then transferring them to a water bath 250 below the Tm of bacterial or phage DNA in the reaction medium. Capillaries were removed at intervals and chilled, and the contents were blown out into 0.15 M phosphate buffer (PB) (0.075 M Na2HP04, 0.075 M NaH2PO4) (1 ml for 10-and 25-,ul aliquots, 1.5 ml for 33-,ul aliquots) and stored at 00 until duplex assay.
Tumor and normal callus DNA concentrations were limited to about 2 mg/ml because artifactual rate increases were observed for labeled T4 bacteriophage DNA when mixed with callus DNA at 10 mg/ml; at 2 mg/ml no such rate increase was observed.
Duplex Assay on Hydroxylapatite. Hydroxylapatite (BioRad HTP) was suspended in 0.15 M PB and fines were removed. DNA samples (1-1.5 ml) were loaded onto 0.5-to 1-ml recovery of PS8 phage DNA added to tumors in the form of M PB, saving the flow through and wash (single-stranded fraction). To elute duplexes, each column was washed with 2 ml of 0.3 M PB. The single-and double-stranded fractions were diluted to 4 ml with water and added to 15 ml of Triton scintillation cocktail (Triton X-100: toluene-based scintillation fluid, 1:2). Radioactivity was measured in a Beckman CPM-100 liquid scintillation spectrometer.
Analysis of Data. Renaturation kinetics are plotted in a manner analogous to the Cot plot of Britten and Kohne (33), except that the concentration factor, Co, in our graphs refers only to the concentration of labeled probe DNA and is therefore designated Po. This format has, for our purpose, the advantage that it displays the kinetics of renaturation of model mixtures as a family of curves displaced to earlier times. The sensitivity of the experiment is thus clear without recourse to any calculations.
RESULTS
An attempt to detect bacterial DNA in axenic tumor tissue DNA is shown in Fig. 1 higher concentration of bacterial DNA (0.36 Og/ml) mixed with salmon DNA and added to labeled bacterial DNA produced a commensurate increase in the rate of renaturation of probe DNA. We can thus conclude from these experiments that tumor DNA at a concentration of ca. 2 mg/ml does not contain as much as 0.2 qg/ml of bacterial DNA. The presence of as much as 0.01% bacterial DNA is ruled out.
The renaturation kinetics of labeled bacterial probe DNAs in Figs. 1 and 2 are not ideal. The kinetics of reassociation of these DNA preparations at higher concentration do, however, fit ideal second order reaction curves. Fig. 3 shows the renaturation of labeled bacterial DNAs in 0.15 M PU as well as in the perchlorate and formamide reaction mixtures used in the tumor studies of Figs. 1 and 2 . Bacterial DNA renatures 4.6 times faster in the perchlorate reaction mixture than in the other two systems, but all four reactions fit ideal second order curves.
We, therefore, ascribe the deviations from ideal kinetics in Figs. 1 and 2 to technical difficulties encountered in renaturation of very low concentrations of bacterial DNA over long periods of time (several days). We have explored renaturation kinetics in various samples of commercially available formamide, which allows reassociation to proceed at low temperature (34) and should, therefore, be most suitable for these studies. No reliable source of satisfactory formamide has thus far been found, and various purification techniques (35) fail to improve the available supplies sufficiently for our purposes. This technique is, therefore, not in use in our laboratory at present.
A similar experiment places even more stringent limits on the amount of PS8 bacteriophage DNA that could be in tumor DNA. When 0.02 gg/ml of 32P-labeled PS8 DNA is allowed to renature in the presence of normal or tumor DNA from any of several lines, the kinetics of reassociation of labeled probe DNA are indistinguishable (Fig. 4) . Again, 
DISCUSSION
The DNA content of diploid tobacco nuclei, determined by chemical analysis (36) The second is that our sensitivity calculations assume that the tumor callus consists only of transformed cells. Our tumor tissue has not been cloned; thus the presence of a significant fraction of normal cells cannot be ruled out. Co-cultivation studies support the view that our tumor callus should be reasonably free from normal cells. When unorganized tumor and normal callus tissue separated by a Millipore filter were co-cultivated on agar without growth hormones, the tumor callus grew rapidly while the normal tissue grew very slowly. This suggests that numerous transfers on hormone-free medium should tend to select for pure tumor tissue. Nevertheless, until cloned tissue is available for this type of study, the exact sensitivity of these experiments is not certain.
Because a new technique is used in these experiments to look for foreign DNA in crown gall tumors, the negative findings reported here do not directly conflict with the observations of earlier investigators who claimed to find 0.2% (6, 7) to 0.9% (8) bacterial DNA and 1.8% phage DNA (8) 
